to differentiate between the wild type and the vaccine strain. On the other hand, isolates that 1 3 5 only show CPE in RD cell line are assumed to be non-polio enteroviruses and stored away 1 3 6 since they are not of 'urgent' programmatic importance to the GPEI. To assemble the 96 isolates analyzed in this study, from the archives, sixteen (16) isolates 1 3 8 that showed CPE in RD cell line only, were randomly selected each month from January to 1 3 9
May 2014. In June, fifteen (15) isolates were selected, and a previously identified Sabin 1 4 0 strain poliovirus 3 was added to serve as control for the study. Besides this known isolate, 1 4 1 none of the other 95 isolates had been previously identified. The algorithm followed in this study is as depicted in Figure 1 . Using the RNA extraction kit 1 4 6 (Jena Bioscience, Jena, Germany), RNA was extracted from the isolates according to the Specifically, random hexamers were used for cDNA synthesis as previously described [19] .
The cDNA was then stored at -80°C and used for all polymerase chain reaction (PCR) assays. As shown in the algorithm for this study (Figure 1 ), three different PCR assays were run. The second PanEnterovirus VP1 PCR was a semi-nested PCR assay (PE-VP1-snPCR) and was 1 5 5 used to amplify the partial VP1 gene in those isolates for which the PE-VP1-PCR was 1 5 6 negative. All primers were made in 100µM concentrations and all PCR assays were carried 1 5 7 out in 30µL reaction volumes. All PCR products were resolved on 2% agarose gels stained 1 5 8 with ethidium bromide and viewed using a UV transilluminator. This assay is a semi-nested PCR assay. Primers 224 and 222 [5, 6] were used for the first 1 7 0 round PCR while primers AN89 and AN88 [5, 6] were used for the second round PCR assay. cycling was done as follows: 94°C for 3 minutes, 45 cycles of denaturation at 94°C for 30 1 7 4 seconds, annealing at 42°C for 30 seconds, and extension at 60°C for 60 seconds with ramp 1 7 5 of 40% from 42°C to 60°C. This was followed by 72°C for 7 minutes, and thereafter the 1 7 6 sample was held at 4°C until the reaction was terminated. The conditions were the same for 1 7 7 the second round PCR assay except for following modifications: Instead of cDNA, the 1 7 8 product of the first round PCR assay was used as template for the second round assay. Also the extension time for the second round assay was 30 seconds as opposed to 60 seconds for 1 8 0 the first round assay. The CLUSTAL W program in MEGA 5 software [24] was used with default settings to align 1 9 0 sequences of four (the two most commonly isolated and the two for which most extensive 1 9 1 nucleotide sequence data from the region exists) of the enterovirus serotype described in this 1 9 2 study alongside those retrieved from GenBank. Subsequently, a neighbor-joining tree was 1 9 3 constructed using the same MEGA 5 software with the Kimura-2 parameter model [25] and 1 9 4 1,000 bootstrap replicates. The accession numbers of sequences retrieved from GenBank for 1 9 5 this analysis are indicated in the sequence names on the phylograms. All sequences reported in this study have been deposited in GenBank and assigned accession 1 9 9 numbers KX580638 -KX580702 and KX656918 -KX656912. Precisely, 86.46% (83/96) of the isolates analyzed, including the previously identified Sabin 2 1 8 3, had the expected ~114bp band size and were consequently positive for the 5´-UTR PCR 2 1 9 screen (Table 1) .
5´-UTR PCR and PanEnterovirus VP1 PCR (PE-VP1-PCR)
2 2 0
VP1 assays (PE-VP1-PC and PE-VP1-snPCR)
Fifty-nine (59) of the samples analyzed in this study, excluding the previously identified Sixty-nine (69) of the 83 amplicons generated from the VP1 PCR assays and successfully 2 3 9 sequenced were identified. The remaining 14 could not be typed due to the presence of 2 4 0 multiple peaks in their electropherograms. Twenty-seven different enterovirus types were 2 4 1 identified from the 69 exploitable amplicons (Table 1) . Specifically, one (1), twenty-four (24) 2 4 2 and two (2) of the enterovirus types identified in this study belong to EV-A, EV-B and EV-C 2 4 3 respectively ( Table 1) . for which most extensive nucleotide sequence data from the region exists]) were subjected to 2 4 9 phylogenetic analysis. The CV-B3 tree (Figure 2) , showed that the lineage of the CV-B3 2 5 0 genotype detected in 2002 (in green) is absolutely different from the lineage detected in 2014. In addition, it is important to note that the CV-B3 sequences detected in this study appear to For the EV-B75, two different but closely related genotypes were detected. Both were 2 5 4 however related to EV-B75 isolates detected in Finland in 2004. One of the EV-B75 lineages 2 5 5 found in this current study shares a common ancestor with an isolate recovered from sewage 2 5 6 contaminated water collected in Northern Nigeria in 2012 ( Figure 3 ). For the E19, two different genotypes were detected. Both were also very different from the 2 5 8 E19 strains isolated in 2003 (Cluster 1). The clusters to which the isolates are most closely 2 5 9 related are indicated as 2 and 3. The single isolate from this study in cluster 2 shares a 2 6 0 1 2 common ancestor with a lineage that was repeatedly isolated from sewage contaminated 2 6 1 water in Lagos, Southwestern Nigeria since 2010. The remaining three strains however, 2 6 2 belong to cluster 2 and are more closely related to an ES isolate recovered in Kano State, 2 6 3 Northern Nigeria in 2012 (Figure 4 ). As regards, E7, two different genotypes were also detected. The clusters to which the isolates 2 6 6 are most closely related are indicated as 1 and 2. Two of the isolates from this study in 2 6 7 cluster 1 share a common ancestor with a lineage that was first isolated from sewage however, belong to cluster 2 and are more closely related to isolates repeatedly recovered in In this study, we document nucleic acid sequence data for twenty-seven (27) Nigeria. To be precise, to the best of the authors' knowledge, nucleic acid sequence data for 2 9 0
Nigerian strains of E17, CV-B2, CV-B4, EV-B97, EV-B80, EV-B73, EV-B93, EV-C99 and 2 9 1 EV-A120 are being reported for the first time. It is however, our opinion, that the fact that 2 9 2 these molecular sequence data are being reported for the first time does not imply new 2 9 3 introduction of these types into the region. Rather, we believe that these types had probably 2 9 4 been around for a long time. Hence not detecting them might reflect the lack of interest in 2 9 5
NPEVs because the global effort focused on eradicating polioviruses. However, as the goal of 2 9 6 poliovirus eradication nears [9], there might be an upsurge of interest in NPEVs in a bid to 2 9 7 better understand enterovirus biology and association with varying clinical conditions. In this study, 95.65% (66/69) and 88.9% (24/27) of the isolates and enterovirus types 2 9 9 successfully identified, respectively, belonged to EV-B (Table 2) . This is consistent with the 3 0 0 findings of other studies from the region [15, 16, 26 ] predicated on the RD-L20B algorithm, 3 0 1 irrespective of whether healthy children [26] or those diagnosed with AFP were investigated 3 0 2 [15, 16] . However, it was recently shown that when cell-culture bias is bypassed by the direct 3 0 3 detection of enteroviruses from stool specimen, EV-As appear to be the most preponderant in 3 0 4 the stool of healthy children from the region [22] . Furthermore, recent studies [19, 20] 3 0 5
showed that most CV-A13s (EV-Cs) circulating in the region selectively replicate, and can be diversity landscape of enteroviruses in the AFP samples that yielded the isolates analyzed. Rather, it should be correctly viewed as the landscape as seen through the bias of RD cell Though in this study we describe enteroviruses present in the stool of children diagnosed with 3 2 1 AFP, the findings of this study show the significance of merging ES and AFP data. surveillance. The ES data rightly show that more lineages are circulating in the population 3 2 7 than depicted by the AFP data reported in this study. This thereby emphasizes the power of circulating in the population. This will, consequently, further enable us to better understand 3 3 0 the evolutionary trajectory of these enterovirus types and detect their silent circulation the EV-B80 detected in a healthy Nigerian child belonged to the same lineage as those 3 3 7 detected in children diagnosed with AFP in this study. We further showed [22] that the EV-3 3 8 C99 lineage found in a healthy Nigerian child is different from that described in this study. The baseline nucleotide sequence data for CV-B3 and E19 circulating in the region were 3 4 3 generated in 2002 and 2003 respectively [15, 16] . Hence, the data presented in this study is a 3 4 4 re-sampling of circulating strains of these types after over a 10-year period. For both types, 3 4 5 the strains circulating when the baseline data was generated appear to have been completely 3 4 6 replaced (Figures 2 and 4) . On the other hand, E7 and EV-B75 for which baseline sequence In some instances, it appears the variation in the population is seeded from another 3 5 0 population. For example, as shown for CV-B3 and E7 (Figures 2 and 5 ), it appears that in corroborate what is known about poliovirus global circulation [8, 27] . What is not clear is (1), E20 (1), E33 (1), E6 (2) 2 February 16 14 15 13 (12) 1 2 (1)* 0 13 CV-B2 (1), CV-B3 (2), CV-B4 (1), E3 (2), E12 (1), E17 (1), E20 (3)*, E21 (1), EV-C99 (1) 3 March 16 14 13 13 (11) 1 0 (0) 2 11 CV-B3 (1), CV-B4 (1), CV-B5 (2), E11 (2), E12 (1), E13 (1), E30 (1), EV-B75 (1), EV-B80 (1) 4 April 16 13 14 12 (11) 1 2 (1)* 1 12 CV-B3 (3)*, E1 (2), E11 (1), E19 (1), E21 (1), EV-B73 (1), EV-B80 (2), EV-A120 (1) 5
May 16 13 12 11 (10) 2 1 (0) 2 10 CV-B3 (2), E6 (2), E13 (1), E14 (1), E19 (1), E26 (1), EV-B75 (2) 6
June 16 14 15 14 (11) 0 1 (0) 1 11 CV-B4 (1), CV-B5 (2), E7 (1), E11 (1), E19 (1), EV-B75 (2), EV-B93 (1), EV-B97, SPV3 (1) TOTAL 96 83 83 76 (67) 6 7 (2) 6 69 5 8 4 5 8 5
